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Secluded dark matter is one of the most popular dark matter models, where dark matter annihilations go into
particles that belong to a dark sector. An interesting way to probe such models is via indirect detection. In
particular, gamma-ray observations are rather promising. Taking into account 1% level of systematics, in this
work we show that the Cherenkov Telescope Array (CTA) will place the most stringent bounds on the dark
matter annihilation cross section, surpassing existing probes based on H.E.S.S., Fermi-LAT, and Planck data,
for dark matter masses above 400 GeV, independently of the channel and choosing the Einasto profile. We
consider scenarios of secluded annihilations into leptophilic, leptophobic scalars and Higgs-like particles being
able to exclude an annihilation cross section of 1.7 × 10−25 cm3 s−1 for mDM = 5000 GeV, for φ → e+e−
channel, for example, exceeding the current limits by one order of magnitude.
I. INTRODUCTION
Weakly Interacting Massive Particles (WIMPs), although
well motivated by thermal relic abundance in the electroweak
scale, have been strictly constrained by direct and collider
searches [1]. For example, XENON1T reaches a scattering
cross section of about 4× 10−47 cm2 for a Dark Matter (DM)
mass of 30 GeV [2], making more and more difficult to find
WIMP models able to evade these bounds.
In this way, alternative scenarios have been extensively
studied in the literature, between them, new mechanisms for
DM production, like freeze-in [3–6], models with light DM
[7–15], semi-annihilation models [16–20], secluded models
[21], and so on. In this work, we are going to study these
secluded scenarios, where the DM particles couple directly
to non-standard mediators, which leads to a suppression in
the scattering cross section becoming possible to escape from
the current limits, and, at the same time, making the indirect
searches important to probe them.
In the face of this, indirect searches appear as a very impor-
tant way to probe some of these alternative models. Basically,
in high-density regions we expect a DM annihilation, and their
products, like photons, electrons, neutrinos and antimatter,
can propagate from their sources and reach our satellites and
telescopes. For example, in secluded models, the DM anni-
hilates in meta-stable mediators that subsequently decay into
standard model particles. Here, we will focus on the gamma-
ray products of these annihilations, since it has the advantage
that, as a neutral particle, it does not deviate during propaga-
tion through the galaxy, pointing directly to their sources [22].
Secluded scenarios appear in different contexts in the lit-
erature, for example, explaining the gamma-ray excess ob-
served in the Galactic Center (GC), in some cases choosing
the mediator as a gauge boson from an extra U ′(1) symme-
try [23], as well as when the mediator is very light, in the
called eXciting DM (XDM) [24–26], and via scalar fields
[27–29]. Solar gamma-ray and neutrino searches with experi-
ments like HAWC [30], Icecube [31], Antares [32] and super-
K [33] provide another way to look for secluded scenarios
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[34–36], since only neutrinos can escape from the Sun’s at-
mosphere in direct DM annihilation [31]. Another important
work in the context of indirect searches including hidden sec-
tors, chosen n-cascade annihilation via scalars (and vectors1),
used data from Planck, via Cosmic Microwave Background
(CMB), from Fermi-LAT using gamma-ray data from dwarfs,
and positron data from AMS-02 in order to constrain these se-
cluded scenarios [29]. In addition, complementary searches
were made via fermion as the mediator [37], and scalar or
vector mediators [38]. Summarizing, secluded scenarios can
appear in different models, including minimal extensions of
the Standard Model (SM) as well as supersymmetric models
[39–41] and can be probed in a number of ways.
In this paper, we are doing for the first time the com-
bined analysis for secluded models where the mediator is
a Higgs-like particle in a model-independent way. We use
data from Fermi-LAT looking at dwarf spheroidal galaxies
(dSphs) [42], from H.E.S.S. data searching for gamma-rays
from the Galactic Centre (GC) [43], and Planck data for the
cosmic microwave background (CMB) [44], to compare with
the prospects for CTA looking at the GC direction [45]. In
addition, we complement the analysis from [38], including for
the first time the CTA prospects for the mediators decaying
predominantly into e+e−, µ+µ−, τ+τ− or b¯b, in order to
check what will be the enhancement in sensitivity in the next
generation of high energy gamma-rays by CTA, which is the
main focus of this work.
The paper will be structured in the following way: in the
Section II, we briefly introduce the secluded models, includ-
ing the description of the scenarios approached in this work; in
Section III, we describe the indirect detection techniques, in-
cluding the computation of the gamma-ray spectrum and flux;
in Section IV, we discuss the existing limits; in Section V, we
present the CTA experiment and the results and, in the last
Section, we present our conclusions.
1 Reference [29] showed that the change in the spectrum for scalars and vec-
tors mediators is almost insignificant.
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2II. SECLUDED DARK MATTER
Secluded dark matter models appear as a good alternative
to evade the strong current limits from direct and collider
searches, and it has been overly studied in different contexts in
the literature [21, 38, 46–65]. In this kind of scenario, we can
easily avoid these constraints, and indirect detection searches
become important to probe these models, this is because the
DM does not couple directly to Standard Model particles as
usually, instead, the DM particles couple to ‘dark mediators’
which can subsequently decay in SM particles. Among sev-
eral possibilities that provide this setup, the most simple one
is imposing the DM mass to be larger than the mass of the
mediator, and if the DM particle has a strong enough cou-
pling to the mediators, the channel in Fig. 1 becomes predom-
inant leaving the DM secluded [21], another one is via Chern-
Simons Portal or via kinetic mixing as discussed in [59], be-
tween others.
FIG. 1. Feynman diagram for secluded models with scalar mediators.
There are several possibilities for this mediator, it can be a
scalar, a vector or a fermion, as discussed in [21]. In this work,
we choose the mediator as scalar particles for several scenar-
ios, among them as a Higgs-like scalar, or a leptophilic scalar,
where the scalar decays predominantly into e+e−, µ+µ− or
τ+τ−, or, a leptophobic scalar, which decays mainly into b¯b.
We will discuss, for each scenario, how they are constrained
by the current and future experiments in indirect DM searches.
III. INDIRECT SEARCHES
A. Gamma-ray Spectrum
One of the most important ingredients that distinguish dif-
ferent DM particle models from the background in indirect
searches is the gamma-ray spectrum, dNγ/dE, produced in
DM annihilations. It depends on the DM particle mass and of
the primary channel. Depending on the model, this quantity
will be given by the sum over the branching fraction for each
channel,
dNγ
dE
=
∑
i
BRi × dN
γ
i
dE
, (1)
where i runs over all the channels involved in the process. For
example, the Higgs-like particle with 100 GeV, considered in
this project, has a branching ratio very close to the standard
case, while when the scalar mass is 10 GeV the predominant
decay is about ∼ 70% in ∼ b¯b and 20% in τ+τ−, and this
will determine the shape of the spectrum and consequently the
possible observed flux in our detectors, as we will see in de-
tails in the next Section. In the following, we will present our
results for the gamma-ray spectrum for the different scenarios.
1. Mediator φ+ φ (Higgs-like)
The first scenario considered here is the case where the
mediator is a Higgs-like scalar φ, i.e., a scalar which cou-
ples to the SM particles like the standard Higgs, just vary-
ing the mediator’s mass, mφ = 10 GeV, mφ = 100 GeV,
and mφ = 500 GeV. For each scalar mass, we computed the
branching ratios using SARAH and SPheno packages [66–
70].
In the Fig. 2, we present the photon spectrum for DM parti-
cles annihilating in Higgs-like particlesDM+DM → φ+φ,
computed numerically by Pythia 8 package [71]. We impose
the DM mass equal to 1000 GeV and, we take the scalar mass
equal to 10 GeV (continuous lines), 100 GeV (dashed lines)
and 500 GeV (dashed-dotted lines). As discussed before, our
100 GeV mass scalar is very close to the standard one, and
this includes a significant branching ratio into γγ and into b¯b.
In the others, for masses equal to 10 GeV and 500 GeV, the
branching ratio into γγ becomes suppressed, and the most im-
portant channels are b¯b (∼ 70%) and τ+τ− (∼ 20%), for
mφ = 10 GeV, and W+W− (∼ 55%), t¯t (∼ 20%) and ZZ
(∼ 15%) for mφ = 500 GeV. The first case (mφ = 10 GeV),
provides a spectrum mainly dominated by pions, since both
b¯b and τ+τ− quickly hadronize producing pions which decay
instantaneously into γγ, the spectrum is harder compared to
the direct production into b¯b (black line) due to φ be produced
boosted, namely, more high energetic photons are produced
during the annihilation. For higher scalar masses, the spec-
trum follows the same behavior but it becomes softer com-
pared to the smallest case.
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FIG. 2. E × dN/dE versus energy for the φ as a Higgs-like par-
ticle, the DM mass was taken equal to 1000 GeV, and the mediator
mass equal to 10 GeV (continuous lines), 100 GeV (dashed lines)
and 500 GeV (dashed-dotted lines).
3In the Fig. 3, we show the same results just changing the
mass of the DM particle to 3000 GeV, in this case, it is evident
that the shape of the spectra is the same but it is moved up,
showing that more energetic photons are produced, given a
harder spectrum. The same analyses mentioned before applies
here.
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DM+DM→ φ+φ mDM =3000 GeVmφ=10 GeVmφ=100 GeVmφ=500 GeVb¯b
FIG. 3. E×dN/dE versus energy for φ as a Higgs-like particle, the
DM mass was taken equal to 3000 GeV, and the mediator mass equal
to 10 GeV (continuous lines), 100 GeV (dashed lines) and 500 GeV
(dashed-dotted lines), as high as the DM mass is, more energetic
gamma-rays will be produced. For comparison, we include the spec-
trum directly into b¯b (black line).
2. Mediator φ+ φ decaying predominantly in e+e−, µ+µ−,
τ+τ− or b¯b
In this section we considered the leptophilic scalar, which
decays exclusively in e+e−, µ+µ− or τ+τ−, and the lepto-
phobic scalar, which decays predominantly in b¯b. As dis-
cussed previously, each one generates a specific spectrum
leading the signature of the model. Using this spectrum, we
can compute the expected DM fluxes, enabling us to get the
upper limits on the annihilation cross section for each model.
The production of gamma-rays via leptonic channels, like
e+e− and µ+µ− are predominantly given by final state radia-
tion (FSR), which provides a hard spectrum with a sharp edge
in the DM mass, in the other side, for the final states τ+τ−
and b¯b, the process of hadronization and fragmentation pro-
ducing pions which decays almost 100% in photons, given a
major number of photons but softer compared to the leptonic
decays [72, 73]. These spectral shapes can be seen in Figs.4-
7, where we provide for each channel a comparison with the
standard case without a dark mediator.
In Fig. 4, we show the spectrum for the case where the me-
diator decays predominantly in e+e−, we take the DM mass
equal to 3000 GeV and vary the mass of the mediator equal
to 10 GeV, 100 GeV and 500 GeV, obviously, the shape of
the spectrum is the same, but with a slight increase in the
dNγ/dE due to the variation in the mediator φ mass.
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FIG. 4. E × dN/dE versus energy for the mediator φ decaying
predominantly in e+e−, the DM mass is equal to 3000 GeV, and as-
suming following values for the mediator mass: 10 GeV (continuous
lines), 100 GeV (dashed lines) and 500 GeV (dashed-dotted lines).
For comparison, we include the spectrum directly into e+e− (black
line).
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FIG. 5. E × dN/dE versus energy for the mediator φ decaying
predominantly into µ+µ−, here DM mass is 3000 GeV, and assum-
ing following values for the mediator mass: 10 GeV (continuous
lines), 100 GeV (dashed lines) and 500 GeV (dashed-dotted lines).
For comparison, we include the spectrum directly into µ+µ− (black
line).
In the second case, we choose the mediator decaying into
µ+µ− (see Fig. 5), and we follow the same values for the
masses as before, the shape of the spectrum is very similar
to the last case, basically following the characteristic leptonic
decay. Varying the mass of the mediator leads to a bigger split
in the spectrum than in the electronic one.
In the third case, we take the mediator decaying in τ+τ−
(see Fig. 6), here we observe a considerable difference in the
shape of the spectrum relative to the other leptonic channels,
this is because τ decays predominantly in hadrons, as ex-
plained before. In addition, the effect of the change in the
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FIG. 6. E × dN/dE versus energy for the mediator φ decaying
predominantly in τ+τ−, for the DM mass equal to 3000 GeV, and
assuming following values for the mediator mass: 10 GeV (contin-
uous lines), 100 GeV (dashed lines) and 500 GeV (dashed-dotted
lines). For comparison, we include the spectrum directly into τ+τ−
(black line).
mediator’s mass is mild.
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FIG. 7. E × dN/dE versus energy for the mediator φ decaying
predominantly in b¯b, for DM mass equal to 3000 GeV, and assuming
following values for the mediator mass: 10 GeV (continuous lines),
100 GeV (dashed lines) and 500 GeV (dashed-dotted lines). For
comparison, we include the spectrum directly into b¯b (black line).
In the last case, we take the b¯b as a final state (see Fig. 7),
assuming the same values for the masses as before. Here we
observe a major difference by varying the mediator mass, es-
pecially for lower energies. It is important to emphasize that
the shape of the spectrum will give the signature of the chan-
nel in question. In addition, all the gamma-ray spectra were
computed using the numerical package Pythia 8 [71].
Now, with the main ingredients in hands, we can follow to
calculate the gamma-ray fluxes for DM annihilation.
B. Gamma-ray flux
Gamma-rays are very interesting signals in the DM search,
mainly because they trace back the sources, in the case of
charged particles this information is usually lost due to the
propagation, moreover it is easier to detect compared to neu-
trinos. Therefore, gamma-rays will be the main aim in indirect
searches addressed here.
The gamma-ray flux expected from a DM annihilation is
given by,
dφγ
dE
=
r
8pi
(
ρ
mDM
)2
〈σv〉dNγ
dE
JEin (2)
where mDM is the DM mass, 〈σv〉 is the velocity aver-
aged annihilation cross section times velocity, dNγ/dE is the
gamma-ray spectrum, showed in Eq. (1) as a sum over the
primary final states, and JEin is the J-factor for annihilation
choosing the Einasto halo profile [74, 75],
JEin =
∫
l.o.s
ds
r
(
ρEin(r(s, θ))
ρ
)2
, (3)
where r = 8.33 kpc and ρ = 0.4 GeV/cm3 are the dis-
tance between the sun and the Galactic Centre (GC) and the
DM density in the location of the Sun, respectively. And, the
DM density for the Einasto profile [74, 75],
ρEin(r) = ρs exp
(−2
α
[(
r
rs
)α
− 1
])
(4)
with r being the galactic radius, and rs = 28.44 kpc, ρs =
0.033 GeV/cm3 and, α = 0.17, the typical constants for
Einasto profile (for more details, please, see [76]).
Afterward, we are going to use data from Fermi-LAT [42],
H.E.S.S. [43] and Planck [77], in order to verify the impact
of prospects for the CTA experiment [45] on the survey of the
aforementioned secluded models. To start, we will describe
the existing limits, the CTA datasets, and the methodology to
get our bounds.
IV. EXISTING LIMITS
A. Fermi-LAT
During the 6 years of dSphs’ observations by Fermi-LAT
experiment no gamma-ray excess has been observed so far,
in the energy range between 500 MeV to 500 GeV, putting
strong limits over the DM annihilation cross section for the
standard channels, like b¯b and τ+τ−, using the PASS 8 event-
level analysis [42]. In particular, in this paper the collabora-
tion report for the b¯b channel, the exclusion of the canonical
annihilation cross section, 3×10−26 cm3 s−1, for DM masses
below 100 GeV.
In this work, we will follow the same recipe described in
[42], and in order to compute the limits for the Higgs-like
case, we will use the gamLike routine from the GAMBIT
package [78], to compare and check the impact of the CTA
sensitivity on these models.
5B. High Energy Stereoscopic System (H.E.S.S.)
The H.E.S.S. experiment is a ground-based telescope lo-
cated in Namibia, which is looking for high energy gamma-
rays at the Galactic Centre. Able to explore an energy interval
between 230 GeV until 30 TeV, H.E.S.S. gives, currently, the
most stringent bounds in which concerns DM searches with
high energy gamma-rays. As an example, using data from
254h of exposure time, strong limits were imposed over the
DM annihilation cross section for the standard channels [43],
specifically, for the τ+τ− channel a limit of about 〈σv〉 ∼
1 × 10−26 cm3 s−1 for a DM mass of around 1000 GeV was
placed.
The last results from H.E.S.S. does not provide the neces-
sary information to reproduce their results, however, follow-
ing the receipt described in [79], implemented in the pack-
age gamLike, it is possible to reproduce their limits for 112 h
observation time with very good agreement [78], where the
methodology consists on the separation of two regions of the
sky called background and signal (expected to observe DM
signals) regions, excluding the |b| < 0.3◦ in order to avoid the
high intensity of gamma-rays region. Through these limits,
we were able to reproduce the results for 254 h, by a simple
re-scaling of the 112 h limits, which gives a very good approx-
imation as showed in [38].
In order to compute the limits for the Higgs-like case, we
follow the description above, where we compute the likeli-
hood function in order to get the exclusion curve, based on
112h exposure [80]. Afterward, due to the lack the necessary
information in order to recover their 254h results, we just re-
scale our limits for 112h (in a good approximation, we repro-
duced their channels) in order to get an approximated exclu-
sion line based on 254h exposure, and this will be the result
presented in the Section V to compare with the CTA limits.
It is important to emphasize that this analysis, although re-
produces very well the standard limits from the collaboration,
gives just an approximation.
C. Planck Satellite
The Planck satellite gave us another view on the CMB ra-
diation, given precise measurements of its anisotropies, then
everything that affects the CMB is strongly constrained by the
last results of the Planck satellite. Therefore, the constraint
over the annihilation parameter is given by [44],
pann < 3.2× 10−28 cm3 s−1 GeV−1 (5)
and using this value in,
pann = feff
〈σv〉
mDM
, (6)
we compute the limit over the DM annihilation cross section
versus DM mass, calculating the efficiency function for
secluded models, that provides the relation between the
energy injected and deposited in the thermal bath, following
the prescription and using the routines provided in [81].
Using these limits we will be able to verify the impact of the
CTA experiment over the secluded models. We will describe
the details of the CTA experiment and present our results in
the next Section.
V. THE CHERENKOV TELESCOPE ARRAY (CTA)
The upcoming experiment in high energy gamma-rays,
the Cherenkov Telescope Array (CTA), will cover an energy
range between ∼ 20 GeV to ∼ 300 TeV. The experiment
will be composed of three types of telescopes, with Small,
Medium and Large sizes, to be able to explore from high to
low energies, respectively. In addition, it will be located in
the North (La Palma) and South (Chile) hemispheres in order
to have a wider view of the sky, but the South will give a better
view of DM in the Galactic Centre.
In this work, we compute the expected sensitivity of the
CTA looking in the direction of the Galactic Centre to the
secluded models, following the morphological analysis, as
described in [45], where they separate the Region of Inter-
est (RoI) in 28 sub-RoIs. In this analysis, they are taking
into account a configuration of telescopes with 3 Larger, 18
Medium and 56 Small telescopes, given an effective area of
about 100 m2, with 100h observation time, as well as, taking
into account cosmic-ray and galactic diffuse emission (GDE)
as possible backgrounds.
Instead of follow other analysis including that made by the
collaboration [82–84] which gives an optimistic scenario, we
choose this methodology described above in order to be con-
servative, previous analysis do not consider GDE and/or do
not take into account systematic uncertainties (related, for ex-
ample, to the acceptance of the experiment in a Field of View
(FoV)), here we are considering both possibilities, therefore,
we are following a conservative approach as given by [45].
Following the previous description and using the gamLike
package [78], we compute the binned Poisson likelihood
function, then we use the statistical test −2∆ lnL < 2.71 in
order to get the 95% C.L. exclusion limits, with 1% level of
systematics.
Using the techniques described above, we are able to com-
pute the upper limits over the DM annihilation cross section
versus DM mass for secluded models in the following setups,
in the first one, choosing the mediator as a Higgs-like scalar
with masses 10 GeV, 100 GeV and 500 GeV, i.e., coupling to
the standard particles as in the standard case. In the second
case, we study the possibility of the mediator as a leptophilic
scalar, that couples predominantly to e+e−, µ+µ− or τ+τ−,
or a leptophobic scalar, that decays into b¯b, in the last case, the
analysis will be complementary to [38], then it will include the
improvement on the sensitivity given by the CTA experiment.
6A. Mediator φ+ φ (Higgs-like)
In this section, we present our upper limits on the annihila-
tion cross section for the case where the mediator φ is a Higgs-
like particle. First of all, we choose three scenarios chang-
ing the mass of the scalar φ, mφ = 10 GeV, 100 GeV and
500 GeV, of course, the branching fractions will change ac-
cordingly. In each case, the branching ratio is predominantly
composed by hadronic final states. We applied here four
different datasets, from Fermi-LAT looking at dSphs (green
lines), from H.E.S.S. for the galactic centre (cyan lines), from
Planck for CMB searches (black lines) and the prospects for
CTA (blue lines).
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FIG. 8. Upper limits on the DM annihilation cross section, with
95% C.L., choosing the mediator as a Higgs-like particle with mass
equal to 10 GeV, using the current data from Planck satellite (black
lines), from H.E.S.S. experiment for the galactic centre (cyan lines),
and from Fermi-LAT experiment for dSphs (green lines), and the
CTA prospects (blue lines).
Due to the high branching ratio in hadronic final states, the
CMB constraints are suppressed relative to the other indirect
DM searches. It is important to emphasize that the energy
sensitivity of each experiment will be reflected in the limits,
for example, the Fermi-LAT is more sensible to lower energies
while the H.E.S.S. to high energies, therefore, the lower DM
masses will be more constrained by Fermi-LAT and so on.
In the Fig. 8, we show our results for mφ = 10 GeV,
where the predominant branching fraction is about 70% in
b¯b and 20% in τ+τ−, as the lepton τ decays predominantly
in hadrons, the gamma-ray spectrum is mainly hadronic, and
we have the CMB bounds poor compared to the other indi-
rect searches. In this analysis, we can exclude the canoni-
cal annihilation cross section, 〈σv〉 = 3 × 10−26 cm3 s−1,
(that provides the correct relic density) for DM masses below
105 GeV. In addition, it is clear how improved the sensitiv-
ity will be through the CTA experiment, for example, fixing
the DM mass equal to 1000 GeV, the current limit given by
H.E.S.S. is 〈σv〉 ∼ 9 × 10−26 cm3 s−1 while the prospects
for CTA gives 〈σv〉 ∼ 4.5 × 10−26 cm3 s−1, in addition,
in the less current constrained case, when the DM mass is
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FIG. 9. Upper limits on the DM annihilation cross section, with
95% C.L., choosing the mediator as a Higgs-like particle with mass
equal to 100 GeV, using the current data from Planck satellite (black
lines), from H.E.S.S. experiment for the galactic centre (cyan lines),
and from Fermi-LAT experiment for dSphs (green lines), and the
CTA prospects (blue lines).
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FIG. 10. Upper limits on the DM annihilation cross section, with
95% C.L., choosing the mediator as a Higgs-like particle with mass
equal to 500 GeV, using the current data from Planck satellite (black
lines), from H.E.S.S. experiment for the galactic centre (cyan lines),
and from Fermi-LAT experiment for dSphs (green lines), and, using
the CTA prospects (blue lines).
about 570 GeV, the current cross section from H.E.S.S. plus
Fermi-LAT is 〈σv〉 ∼ 1.6 × 10−25 cm3 s−1 and for CTA
〈σv〉 ∼ 4 × 10−26 cm3 s−1, that shows a difference of about
one order of magnitude in sensitivity.
In the Figs. 9 and 10, we present the constraints for scalar
masses equal to 100 GeV and 500 GeV, respectively. As al-
ready expected, due to the predominant branching fraction of
Higgs-like particles into hadrons, the limits follow the same
pattern as before, the main difference is in the DM mass inter-
val due to energy conservation.
7B. Mediator φ+ φ decaying predominantly in e+e−, µ+µ−,
τ+τ− or b¯b
As the last analysis, we compute the limits for the case
where DM annihilates in two scalar fields which decay pre-
dominantly in e+e−, µ+µ−, τ+τ− or b¯b. This study com-
plements the analysis made in [38]. Then, we include here
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FIG. 11. Upper limits on the annihilation cross section, with
95% C.L., from the CTA prospects for DM annihilating in the media-
tor φ decaying predominantly in e+e− (Blue lines). For comparison,
we include the results from [38], see the text for details.
the results from [38] (black line) in order to compare with the
CTA prospects (blue line). In [38], it was computed the cur-
rent limits from Fermi-LAT, H.E.S.S., and Planck. It is im-
portant to emphasize that we use the results from [38], where
mDM  mV , which is similar and can be compared to our
analysis.
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FIG. 12. Upper limits on the annihilation cross section, with
95% C.L., from the CTA prospects for DM annihilating in the medi-
ator φ decaying predominantly in µ+µ− (Blue lines). For compari-
son, we include the results from [38], see the text for details.
In Fig. 11, we show our results for DM annihilating pre-
dominantly in e+e−, by comparing with the stronger current
limits (CMB + H.E.S.S.) [38], we found an improvement in
the CTA sensitivity of up to one order of magnitude for high
DM masses compared to the current limits, for example, fix-
ingmDM = 5000 GeV, we have 〈σv〉 ∼ 2.5×10−24 cm3 s−1
for the current limits, while the expected from CTA gives
〈σv〉 ∼ 1.7× 10−25 cm3 s−1.
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FIG. 13. Upper limits on the annihilation cross section, with
95% C.L., from the CTA prospects for DM annihilating in the media-
tor φ decaying predominantly in τ+τ− (Blue lines). For comparison,
we include the results from [38], see the text for details.
In Fig. 12, we present our results for DM annihilating pre-
dominantly in µ+µ−, by comparing with the current limits
(CMB + H.E.S.S.) [38], we found the same gain in sensitivity
as before, for example, fixing mDM = 1000 GeV, we have
〈σv〉 ∼ 1.6× 10−24 cm3 s−1 for the current limits, while the
expected from CTA gives 〈σv〉 ∼ 1.8 × 10−25 cm3 s−1 and
for mDM = 5000 GeV we have 〈σv〉 ∼ 1.1× 10−23 cm3 s−1
for the current limits, while the expected from CTA gives
〈σv〉 ∼ 3× 10−25 cm3 s−1.
It is worth noting that in leptonic final states without
hadronic decay, as in the cases mentioned above, the inverse
Compton scattering (ICS) can lead to a important contribution
to the expected DM flux, especially for high DM masses in-
creasing the sensitivity of the CTA to these channels, we can
estimate based on previous analysis [85] an increase in sen-
sitivity of a factor of a few. We left a detailed analysis for a
future work.
For the τ+τ− channel (see Fig. 13), formDM = 5000 GeV,
the current limit provides 〈σv〉 ∼ 2.0 × 10−25 cm3 s−1 and
for CTA we have 〈σv〉 ∼ 6.7×10−26 cm3 s−1, which is again
a huge gain in sensitivity.
In the last case, for b¯b channels (see Fig. 14), the H.E.S.S.
and Fermi-LAT limits are strong and the main gain in sensi-
tivity are for DM masses between 600 GeV and 2000 GeV.
For example, for mDM = 1300 GeV, the current limit pro-
vides 〈σv〉 ∼ 2.5 × 10−25 cm3 s−1 and while for CTA
〈σv〉 ∼ 6.3× 10−26 cm3 s−1.
For completeness, we include a comparison between
different analysis using CTA prospects (see Fig. 15), in these
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FIG. 14. Upper limits on the annihilation cross section, with
95% C.L., from the CTA prospects for DM annihilating in the me-
diator φ decaying predominantly in b¯b (Blue lines). For comparison,
we include the results from [38], see the text for details.
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FIG. 15. Comparison between different analysis for the CTA limits
compared with our limits for 100 h of observation. Blue line, our
limit for φ → b¯b with mφ = 100 GeV. Red dashed line, limit using
the same method used here for the b¯b final state. Green dotted lines,
the limits for the same channel reported by the collaboration.
cases the profile chosen was the Einasto, and we include
our limits for φ → b¯b with mφ = 100 GeV (blue line),
and the limits for b¯b using the same morphological analysis
used in this work (red dashed line), a conservative scenario
[45], and the limits for the same channel provided by the
CTA collaboration (green dotted line). As we expect, since
the secluded scenarios provides a harder spectrum, the limit
is slightly stronger than the direct annihilation, especially
because of the high sensitivity to higher energies expected for
CTA [84]. The limits reported by the collaboration do not
take into account GDE or systematic uncertainties, so it is
very optimistic, as mentioned before.
Summarizing, the limits from CTA over some secluded
models show an improvement in sensitivity compared to the
current data, however, the prediction for CTA do not show a
huge increment in sensitivity compared to H.E.S.S., this is
due to two main facts: firstly, the chosen regions of interest
ON and OFF are completely different, the other point can
be related to the GDE, because the H.E.S.S. experiment do
not take it into account [45]. Anyway, the CTA prospects
for secluded models can reach up to one order of magnitude
in sensitivity depending on the channel compared to the
strongest current limits, like Fermi-LAT, H.E.S.S. and Planck.
VI. CONCLUSIONS
In this work we computed the gamma-ray fluxes for differ-
ent secluded scenarios, where we include a DM particle an-
nihilating in two scalars, with three different masses 10 GeV,
100 GeV and 500 GeV, in order to compare the current, Fermi-
LAT, H.E.S.S. and Planck, with the future limits expected
from the CTA experiment.
In the first case, we choose the mediator as a Higgs-like
scalar, with the branching ratio changing accordingly, in this
scenario we computed the gamma-ray spectrum and flux, and
obtained the upper limits on the annihilation cross section us-
ing data from Fermi-LAT, looking at dSphs, from H.E.S.S.
looking at the galactic centre, from Planck via CMB searches
and the prospects from CTA experiment looking at the GC.
Here, we excluded the canonical annihilation cross section
〈σv〉 = 3 × 10−26 cm3 s−1 for DM masses below 105 GeV.
In addition, we showed that when the DM mass is about
570 GeV, the current limit on the cross section from H.E.S.S.
plus Fermi-LAT is given by 〈σv〉 ∼ 1.6 × 10−25 cm3 s−1,
while the expected sensitivity for CTA gives 〈σv〉 ∼ 4 ×
10−26 cm3 s−1, that shows a difference of about one order
of magnitude in sensitivity.
In the second analysis, we computed the upper limits on
the annihilation cross section using the prospects for the CTA
experiment for the mediators as a leptophilic or a leptophobic
scalar, and we saw how the CTA will increase the sensitivity
to secluded models in the next years. For example, for φ de-
caying predominantly in e+e− with mDM = 5000 GeV, we
have 〈σv〉 ∼ 2.5×10−24 cm3 s−1 for the current limits, while
the expected from CTA gives 〈σv〉 ∼ 1.7 × 10−25 cm3 s−1,
showing again a difference of about one order of magnitude
in sensitivity.
Besides, we found that independently of the channel, the
CTA experiment will increase the sensitivity compared to the
current experiments for DM masses above 400 GeV, increas-
ing the current bounds by up to approximately one order of
magnitude in these secluded scenarios.
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